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STRESS ANALYSIS OF A COMPRESSOR VANE-SPRING 
K.T. 001, G.B. CHAI 
School of Mechanical and Production Engineering 




Matsushita Refrigeration Industries (S) Pte. Ltd. 
1, Bedok South Road, 
Singapore 1646 
ABSTRACT 
A simple analytical model is developed for the design of a particular compressor vane-spring in this paper. The model 
permits the calculation of the stresses due to both static and fatigue loads, and also checks for possible material failure. In 
addition, a :finite element analysis, using a commercially available finite element method (FEM) computer software, was 
carried out to determine the spring stiffness and to provide a source for comparison with the analytical modeL FEM 
stresses obtained agreed reasonably well with the results obtained using the simple analytical modeL The analytical 
procedure presented itself for a possible optimisation of the vane-spring design. 
INTRODUCTION 
In rolling piston compressors, there exists two working chambers: the suction chamber and the compression chamber. 
These chambers are separated by the roller-cylinder contact and the vane tip-roller contact. The vane tip-roller contact is 
maintained by the vane-spring, see Figure 1. Two design criteria are important in the selection of this vane spring: the 
correct value of spring stiffness and the working life of the spring. The correct value of stiffness ensures good sealing at 
the vane tip contact and reduces leakage of gas through this contact. It also reduces possible vane chattering. The right 
value of spring stiffness is also important :in minimising frictional losses. The properly designed working life of the spring 
prevents the premature spring failure. This paper presents static and fatigue analyses for a vane-spring configuration .. 
The analyses however, may be extended to any vane spring design for rolling piston compressor with similar 
configuration. A FEM was also used to analyse the spring's behaviour and to locate the region of maximilln stresses. It is 
also serves as a guide for finding the spring stiffness as well as provides comparison with bending theory solution. The 
exercise show that the calculation procedure together with spring constant from the FEM analysis, present itself for a 






Figure 1 Schematic of a vane-spring and in a rolling piston compressor 
STRESS ANALYSIS 
The section lays out the stress analysis of the vane-spring. The calculation procedure will be shown and illustrated below. 
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I) Geometrical Model And Material Properties 
front side 
Figure 2 The spring Model 
The spring model under examination is shown in Figure 2 and its specifications are as follows : 
Spring diameter, d 
Spring stiffness, K 
Ultimate Tensile Strength, Sut 
Young's Modulus, E 
Shear Modulus, G 
Yield Strength, SY 








The stiffness K of the vane spring was obtained experimentally. The material properties, E and G are obtained from SMI 
handbook [1]. The yield strength is taken as 0.7 times of the ultimate tensile strength. The endurance strength was obtained 
from Marin's equation [2]: 
(1) 
Where s·. is the endurance limit for the curved·beam specimen, k, is the surface factor, kb is size factor, kc is the load factor, 
kd is the temperature factor, k. is the stress concentration factor, kf is the miscellaneous effects. 
Substituting the values of the various factors into eqn (l) gives the endurance strength of the spring, s. 
II) Spring Stiffness. K 
For design purposes it would be ideal to have a simple equation that predicts the spring stiffness given the materials and 
geometrical properties. The finite element method is used to predict the spring stiffness for a limited number of spring 
diameter, and a curve fitting procedure was used on this set of data to develop a relationship between stiffness and spring 
diameter. The results of the curve fitting process yields : 
4th Order Polynomial Fit 
where A=·7.554176 X w-> 
8=3.181161 x 10·2 
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Fi e 3 Spring stiffness as a function of spring diameter 
The comparison between FEM spriTI!g stiffness with the polynomial fitted spring stiffness is given in Figure 3_ For 
example, for a spring of diameter 1.6 mm the FEM spring stiffness is 1.0909 N/mm (1.0910 N/mm using poly fit) and the 
experimentally obtrined spring stiffnT i' 1.10 N/nun. 
Iii) Forces. Moments And Boundarv Conditions 
The forces and moments in the spring can be shown in Figure 4. 
Figure 4 Forces and moments on spring 
For equilibrium at point A, the loads acting on the spring are: 
(3) 
The constraint point is directly above the load point A and it is clearly indicated in Figure 4. 
lv) A Mathematical Model 
The spring can be treated as a simple beam in bending and taking into considerations the curvature effect of the spring. 
From the curve beam theory [3], the bending stress is: 
(4) 
where Kb is the correction factor for the curvature effect and subscript b is i for concave side and o is for convex side. They 
are obtained from the following equations : 
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K. -- 1-h 1 4h(R!r-l) and K 
- l+h 
o- 4h(Rir+ I) 
where h=t[~-~J 
where R is the radius of beam cmYature and r is the radius of the spring section. 
The value of the correction factor goes to unity with increasing radius of curvature. The maximum bending stress would be 
expected to occur at point B which is at the critical location away from the bending load as shown in Figure 4. Thus the 
bending moment at point B is : 
Substituting equation eqn (3) and (5) into eqn (4) gives the bending stress ofthe spring at point B. 





The combination of the bending stress and the shear stress in the form of the von Mises stress is commonly used in the 
design criterion for failure [2]: 
(7) 
v) FAILURE ANALYSIS 
Static failure 
This analysis determines if the spring fulfils the strength of the materials. The distortion-energy theory was used simply 
because it has been shown to the better predictor of static failure than other theories. Based the von Mises stress for 
combined bending and torsion then the factor of safety for static failure is : 
Sv 
ns = cre (8) 
where SY is the yield strength. and ac is the maximum von Mises stress. Then, value of greater than 1 indicated that the 
spring will not fail statically, and vice versa. 
Fatigue failure 
For the fatigue study of the spring the alternating and mean 
stresses are probably the most important stresses determining the 
fatigue life of a part. The stress levels can be taken as oscillating 
between minimum and maximum spring compressions. as shown 
in Figure 5. 
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Figure 5 Defining the fati!,'Ue loads 
From the figure, the alternating and mean stress can be found by 
Alternating stress, 
a max-a min 
Ga = 2 (9a) 
Mean Stress, 
amax+cr · cr _ mm 
m- 2 (9b) 
The Goodman approach was chosen due to its ease of use and also it has been shown to be conservative in predicting 
fatigue failure. The failure envelope is define as : 
Sm +Sa = l.O (10) 
Sut Se 
where s. and Sm are the alternating and mean strengths which are to be determined. The factor of safety for fatigue failure 
can then be defined as : 
(11) 
If the value of n1 is greater than unity, than the spring will not fail under fatigue_failure mode. However, if the value ofn1 
is less than unity, the spring has a finite Hfe, and the working life of the spring can be estimated. The fracture strength can 
be estimated from the Goodman diagram using trigonometry relations:: 
(12) 
The number of cycles to failure can then be predicted by (based on the assumption that cyclic failures is more than 103 
cycles): 
where 
N = 1 ()"Cib s lib 
'j 
RESULTS AND DISCUSSIONS 
(13) 
The stress results will first be shown and follow by resuhs on failure analysis. The manually calculated results are 
compared with the FEM. predictions. 
In FEM. analysis, two types of element were used for the model: 3-D line element and 2-D solid element. The 3-D line 
model is required for modelling the spring as exact as possible, thus the reactions (forces and displacements) can be 
obtained quickly and easily. These reactions are then used subsequently for the 2-D solid model to analyse the stress 
distribution within the spring section. A typical deformation of the spring is shown Figure 6. The various stress 
components in the line spring model plotted along the length of the spring starting from the constraint point to the load 
point is shown in Figure 7. 
Figure 6 Deformation in the FEM model 
A displacement of 11 mm was applied at the load point to obtain the stresses shown in Figure 7 and Table 1. 
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Figure 7 FEM stresses in the spring with displacement of llmm at node 101 
In the figure, SIG-D is the direct stress, SIG-B is the bending stress, SIG-T is the shear stress by torsion, SIG-SF is the 
shear stress by shear and SIG-E is the von Mises stress. A summary of the bending, shear and von Mises stresses in MPa 
is tabulated below: 
FEMresults 
No ofline elements No of 2-D solid elements 
Bending Theory 77 100 138 104 132 224 318 
(JA 997.2 941.62 942.62 943.64 918.4 933.21 1,0
50 1,054 
'tA 97.26 134.45 134.29 134.29 - - - -
a. 1,011.3 954.3 954.81 955.23 978.43 977.21 1,043 1,042 
Table 1 Comparison between manual calculation and FEM. Results 
In the failure analysis, the above calculation procedures were programmed in a personal computer and used to calculate the 
static and fatigue failure for a wide range of spring diameter (0.1 to 3.0) and these are shown in Figures 9 and lO and ll(b). 
The results show that under the same loading and geometrical configuration, small spring diameters experienced lower 
stresses level and hence provide safe working requirements. But in actual application, the spring stiffness value is equally 
important in the design consideration. The spring should possess the stiffness value that provides good sealing against 
leakage (i.e. good positive contact at the vane-tip rotor region), and at the same time provides minimum frictional losses. 
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Figure 9 Predicted spring life for various spring diameter 
CONCLUSION 
The spring design calculation for both static and fatigue consideration are presented. Simple manual calculation procedure 
with aids from the FEM for the correlation of the vane spring stiffness for various geometries serves as a accurate way to 
predict the stress and the fatigue life of the spring. Comparison with the more comprehensive FEM analysis on the 
maximum stress values show that the procedure is sufficient for practical design application. The analytical model can 
be generalised to account for different materials and to a certain extent different spring configurations. The calculation 
procedure demonstrated, presents itself for a more useful computer assisted optimisation study to be carried out on the 
vane spring design. 
ACKNOWLEDGEMENT 
The authors wish to thank Matsushita Refrigeration Industries (S) Pte Ltd for sponsoring this project. Special thanks to 
M:r Noria.ki Okubo and M:r Kwek Eng Chong for their support and suggestions. 
REFERENCES 
1. Handbook of Spring Design, Spring Manufacturing Institute, 1991, p41. 
2. Shigley, JE, Mechanical Engineering Design, McGraw-Hill, 1986, p242-278. 
3. Roark, RJ and Young, WC, Formulas for Stress and Strain, 5th Edition, 1976, McGraw-Hill, p209. 
561 
